The contribution of extra-tropical synoptic cyclones to the formation of summer-mean 42 synoptic to planetary merge, due to reduced length of latitudinal circles. If a strong synoptic 43 cyclone/anticyclone persists or synoptic cyclones/anticyclones frequently pass near the pole, it can 44 Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 directly contribute to the low-frequency (i.e., monthly-to-seasonal) large-scale circulation pattern 45 therein [13,14,20]. [14] showed that the cyclone activity is dominant during the cyclonic summer sea 46 level pressure pattern through the composite analysis and case investigation. On the other hand, [20] 47 revealed that the episodic synoptic anticyclones in the Arctic favor anticyclonic summer seasonal 48 circulation that accounts for more summer sea-ice melting.
3 of 13 recommended to determine the optimal number of SOM patterns by satisfying the following two 94 conditions; (1) the number of SOM patterns is large enough to accurately capture the physical 95 characteristics of the data, and, at the same time, (2) it needs to be sufficiently small so that the clusters 96 are distinctive from each other. To find the optimal number of SOM patterns satisfying the both 97 conditions, we compute (1) the average pattern correlations between the daily fields and their best-98 matching SOM pattern [22] and (2) Ward's linkage, which computes the merging cost of two clusters in a hierarchical cluster method.
105
According to previous studies [24, 29] , this concept can be applied to measure the distinctiveness 106 between clusters. distances is appreciably slower when the SOM number increases from (31) to (41). This is an 148 indication that the (31) grid can be the lowest optimal number enough to yield distinct SOM patterns 149 [24] . We therefore select the (31) grid as the appropriate number of SOM patterns classifying the 
168
Next the SOM2 represents the dipole anomaly (DA) between the Atlantic Arctic sector and the 169 Eurasian Arctic-Canada Basin sector (Figure 2b ). Although this summertime DA of the SOM2 has a 170 node slightly rotated counterclockwise, compared with the summertime DA of Figure 2d in [3] 171 derived from the empirical orthogonal function (EOF) analysis, it is reasonable to say that our SOM2
172
DA is qualitatively similar to the negative phase of the DA of [3] . Compared with the other SOM 173 patterns, the SOM2 has relatively lower inter-annual variability, as well as a slight decreasing trend.
174
By contrast, the SOM3 appears a DA-like pattern which takes on a shape opposite to the SOM2, 2006, 1983, 2017, 1994, 1989 2 1979, 1990. 1985, 2004, 2013 3 2015, 1980, 2007, 2011, 2009 199 Figure (Figure 3c ). During the SOM3 high years, the overall cyclone frequencies over the Arctic
217
Ocean are significantly reduced (Figure 3d) . Meanwhile, the cyclone frequencies in the mid-latitude
218
North Atlantic and the Bering Sea increase, but those cyclones seem to seldom migrate into the Arctic
219
Ocean. As the SOM3 pattern is the dipole dominated by the high pressure in the Arctic Ocean area 
228
The comparison of spatial patterns (Figure 2 vs. Figure 3) 238 239 Table 2 . Correlation coefficients of the time series of summer-mean MSLP anomalies with three cyclone 240 activity indices (i.e., frequency, duration and mean intensity) for the positive and negative core areas of each 241 SOM (dotted lines in Figure 2 ). All the time series are obtained by averaging within individual core area.
242
The significant correlations are denoted by one (p-value: 0.05) and two asterisks (p-value: 0.01) by the two- 
247
The resultant correlation coefficients reveal that, among the indices, the mean intensity has the 248 highest absolute correlations that are statistically significant at 5% level for all core areas of all SOM 249 patterns ( Table 2 ). This result stands to reason because the cyclone central pressure itself is the 250 variable equivalent to the MSLP. Therefore the overall cyclone intensity is the most effective 251 determiner of the seasonal-mean MSLP anomaly pattern in the Arctic. The duration is the second 252 effective determiner and the frequency is the last, though in some cases (e.g., the negative core area (Figure 4a ).
271
For the SOM1 high years (Figure 4a ), warm Ts anomalies are distributed over the Western 
280
Arctic Archipelago, and northern North Atlantic Ocean (Figure 3a ).
281
Next, for the SOM2 high years (Figure 4b ), there are two Arctic areas with warm Ts anomalies: 
294
Lastly, composite anomalies in the SOM3 high years partly show a state opposite to those in the 295 SOM1 high years (Figure 4c ). This means the reduced meridional temperature gradient and slower 296 U200 surrounding the Arctic Ocean rim and the northern North Atlantic Ocean, resulting in less 297 cyclone migration from the North Atlantic Ocean as well as overall reduced cyclogenesis in the Arctic
298
( Figure 3d ). 
318
The composite daily evolution associated with the 109 SOM1 events ( Figure 5 Ocean towards Greenland (Figure 5f) . The low pressure composite in the Arctic Ocean is sustained 326 significantly until lag day 2 ( Figure 5h ) and then weakens at lag day 3 (Figure 5i ).
327 Figure 6 shows the composite daily evolution for the 112 best-matching events of the SOM2. At 328 lag day −5, a reversed dipole analogous to the SOM3 pattern exists (Figure 6a ). This pattern is quickly 329 transformed to the incipient stage of the SOM2 during lag day −4 to −3 by the developing high 330 pressure composite over the Taymyr Peninsula and Laptev Sea and the developing low pressure 331 composite in-and-around Greenland (Figure 6b-c) . These two opposite pressure systems further 332 develop and then the SOM2-like dipole pattern prevails in the Arctic from lag day −2 to lag day 1 333 (Figure 6d-g) . After the SOM2 event, the low pressure system tends to prevail over the Arctic Ocean 334 (Figure 6h-i) . Based on the composite evolutions, the SOM2 event seems to last shorter than the SOM1 
340
Lastly, the composite daily evolution is presented in Figure 7 for the 114 best-matching events 341 of the SOM3. Similar to the SOM2, there exist a dipole opposite to the SOM3 pattern at lag day −5
342
( Figure 7a ). The high pressure composite around the Barents-Kara seas are pronounced, but it 343 weakens in three days (Figure 7b-d) . The low pressure composite gradually develops and replaces 344 the high in the far north of Russia around the Kara-Laptev seas (Figure 7d-f ), while the high pressure 345 composite begins to develop in the Beaufort Sea and then expands towards the central Arctic Ocean
346
( Figure 7b-f ). The SOM3 event shows persistence after the peak day until lag day 3 (Figure 7g -i).
348
Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 July 2019 doi:10.20944/preprints201907.0185.v1 dominant Arctic summer circulation patterns as clustered by the SOM method (Table 1) , and also 358 confirm that the spatio-temporal distribution of synoptic cyclones in the Arctic domain is a major 359 controlling factor for the Arctic summer circulation patterns (Figures 2-3) . Furthermore, the summer 360 cyclone activity in the central Arctic Ocean is enhanced only for the circulation pattern (e.g., SOM1) 361 that the land-Arctic Ocean boundary area with enhanced baroclinicity (i.e., the increased meridional 362 temperature gradient) is co-located with the climatological major cyclone pathways (Figures 3-4 ).
363
The composite daily synoptic evolutions well demonstrated the generalized formation processes summer-mean Arctic circulation patterns reflect the accumulation of short timescale events, such as 373 synoptic cyclones here or anticyclones as studied by [20] .
374
The Arctic is not an isolated region but retains the Norther Hemispheric high-latitude 375 components of the global climate system that actively interact with lower latitudes [36] [37] [38] . Therefore, 376 the inter-annual and longer-timescale changes in the Arctic circulation patterns should be understood 377 in the context of global climate variability. Further studies are necessary to investigate as to which 378 type of climate variability over the globe provides a relevant teleconnection for the different summer 379 climatic states in the Arctic.
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